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ABSTRACT.A winter backing-fire in a
natural 4-year-old loblolly pine (Pinus
taedaL.) standreducedstanddensityfrom
6,800to 2,850stems/ac,producingthe ef-
fect of a thinning from below. Crown
scorchwas heavy, but needleconsumption
was infrequent. Mortality occurred when
crownscorchexceeded80% or needlecon-
sumptionexceeded20%.Much ofthestudy
area remainedoverstockedafter burning
and only a few areas within studyplots
were understocked.Diametergrowth of
surviving trees 1 year after burning was
unaffected,but height growth was reduced
by 33% comparedto trees in unburned
control plots. Crowth of the first three
flushes of terminal buds was reducedby
prescribedburning, regardlessof thedegree
of crown damage.Severecrown scorch
causedan additional growth loss during
thefirst flush. Additional research is re-

quired to developguidelinesfor usingfire
for precommercialthinning.
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Coastal Plain stands of loblolly
pine (Pinus taeda L.) are often re-
generatedby natural means,
whetherby designor by accident.
Since large seedcrops are pro-
ducedalmostevery yearin this re-
gion (Langdon 1981), young
stands are often too denseand
may require precommercialthin-
ning. Prescribedburningwould be
a low-costmethod of precommer-
cial thinning and was recom-
mendedby McNab(1977) for lob-
lolly pine standsand Nickles et al.
(1981) for shortleaf pine (P.

echinata Mill.) stands.Although
these studiesincluded sapling-
sized trees, their primary focus
was on older loblolly pine and
mixed pine-hardwoodstands,re-
spectively. This paperdescribes
results after a prescribedwinter
backing-fire in adense,4-year-old
naturalloblolly pine stand.

METHODS

StudyArea

The study was done on the
SanteeExperimental Forest in
BerkeleyCounty, SC, at an eleva-
tion of approximately25 ft above
mean sea level. Soils are Aeric
Ochraquultsof the Waheeseries
and aresomewhatpoorly drained
and slowly permeable. Slopes
rangefrom 0 to 4%. Siteindex for
loblolly pine at age50 is 86 ft.

The study site was clearcutin
November 1981 after a winter
prescribedburn and threeannual
summerburns.Loggingslash was
piled by handandburnedthefol-
lowing March. The areawas then
planted with loblolly pine seed-
lings on an 8-by-12 ft spacing.
After planting, the areawasfertil-
ized with 250 lb/ac of 0-46-0triple
superphosphate.Survival of
planted seedlings was only 11%
becauseof an infestationof pales
weevil (HylobiuspalesHbst.). There

5JAF 12(1988) 203

Reprintedfrom the SouthernJournal ofApplied ForestryVol. 12, No. 3, August1988



was no need to replant, however,
becauseregeneration,from seed
in placeandfrom adjacentstands,
wasabundant.

The studywasestablishedin the
winter of 1986, when the domi-
nant trees, almost all loblolly
pines,were4 yearsold. Diameters
at breastheight ranged from less
than0.5 in. to 2.6 in. andaveraged
0.6 in. Tree heightsaveraged7.3
ft with a rangeof less than 5 ft to
15.6 ft. Stocking was approxi-
mately6,800stems/ac.

Study Design

The studydesignincludedsplit-
plots in randomized complete
blocks with five replications, two
whole plots per replication, and
two subplots per whole plot.
Whole plots 131 feet square (0.4
ac) were assignedto blocks on the
basisof having similar pretreat-
ment stocking and size distribu-
tions. Eachof the two whole plots
within a replicationwasrandomly
selectedto be burnedor left asan
unburned control. Whole plots
were split into fertilized and un-
fertilized subplots(0.2 ac each)to
observethe interactionof burning
with fertilization, which was ex-
pectedto acceleratethegrowth of
dominanttrees.Fertilizedsubplots
receivedureaat 200 lbs elemental
N/ac. An additional 25 lb ele-
mental P/ac was applied as triple
superphosphateto ensurea max-
imum growth responseto N. Fer-
tilizer was applied by hand soon
after burning.

Burning Conditions

Prescribedburning was con-
ducted on February 3, 1986, 4
days after a rain of 0.42 in. and 7
days after a rain of 0.91 in.
Burning of study plots beganat
approximately 12:30 p.m. Am-
bient temperaturewas 700F. and
relativehumidity was38%. Winds
werefrom the southwestat 3 to 5
mph. Fuelsalongthegroundwere
light and moist, but the entire
studyareawascoveredwith cured
broomsedge(Andropogonvirginicus
L.), which carried the fires. As
suggestedby a preliminary study
(Waldrop and Lloyd 1987), a

backing fire was selectedfor this
young stand.Flame heightswere
generally 1 to 3 ft, which is 6 to 26
btu/sec/ft using Byram’s flame
length index (Brown and Davis
1973).Occasionally,flame heights
reached4 to 5 ft (116 to 188 Btu/
sedft)wherevertical fuels (broom-
sedgeand needle drape) were
heavy.The rate of spreadranged
from 2.5 to 3.6 ft/minute and the
mean,overall replications,was3.0
ft/minute. Burning wascompleted
at approximately 1:30 p.m.,
having covered almost 100% of
the studyareas.

Measurements

Measurementstaken in each
burned plot included degreeof
crown damage,survival by dbh
class, and stocking before and
afterburning.Growthof survivors
wasmeasuredin bothburnedand
unburnedplots. Crown damage,
expressedby degreeof crown
scorch and needle consumption,
wasestimatedfor everytreeover5
ft tall on a 0.04 ac sampleplot in
each of the 10 burned subplots.
Sample plots were randomly lo-
catedbut with an adequatebuffer
betweenfertilized and unfertilized
subplots.For eachtree,the height
to the bottom of the crown was
measuredprior to burning. In
May 1986, 3 months after
burning, the highest point of
needle comsumption, highest
node with scorchedneedles,total
height, and dbh weremeasured.
Scorchedneedleswere thosethat
werebrown but completelyintact.
The highestpoint of needle con-
sumption was generally evident
where some parts of needles
burnedaway leaving at least the
fasciclesintact. Crown scorchand
needle consumption were ex-
pressed as percentagesof the
lengthof thecrown. Eachtreewas
tallied as alive or deadto compare
dbh distributionsbeforeand after
burning and to relate mortality to
degreeof crown damage.

Stockinglevelsbefore and after
burning wereestimatedat 54 ran-
domly located sample points
throughouteachburnedplot. The
nearest-neighbortechnique(Clark

andEvans1954)wasusedby mea-
suring the distancefrom each
random point to the nearesttree
(either alive or dead)and to the
nearestlive tree.Basedon Pielou’s
Index of Nonrandomness(Pielou
1959), the distribution of treesin
eachburnedplot wasrandombe-
fore and after burning. There-
fore, measureddistancescould be
converted to point estimatesof
density by the method of
Thompson(1956). Measurement
of distanceto the nearesttreeand
the nearestlive tree alllowed a
comparisonof stockingbeforeand
after burning.

In each 0.04 ac sample plot,
both in burned and unburned
plots, the dbh and height of the
largest40 treeswere measuredat
thebeginningandendof the 1986
growing season.The largest 40
trees on each sample plot were
designatedas crop treesbecause
they were the most likely to sur-
vive the burning treatmentand
reachrotation age.Eachcrop tree
wastaggedto follow the effectof
crown damageon survival and
growth over the first growing
seasonafter burning. Mean sub-
plot dbh and height growth were
comparedby analysisof variance.

RESULTSAND DISCUSSION

Mortality and Size Distribution

Prescribedburning reducedthe
total number of stems/acfrom
6,800 to 2,850 (58%) with the
highestmortality ratesin lower di-
ameter classes(Figure 1). Mor-
tality was 88% in the 0.2 in. class
and 53% in the 0.6 in. class,but
near 0 in larger dbh classes.This
patternof thinning wassilvicultur-
ally desirable,resemblinga thin-
ning from below. Burning
changedthediameterdistribution
from a reverse-J pattern, with
largenumbersof small trees,to a
bell-shapedpatternwith medium-
sized treesbeing most frequent.
As a result, mean tree dbh in-
creased from 0.6 in. to 0.9 in. and
mean tree height increasedfrom
7.3 ft to 8.4 ft. These results
closely resemblethose of McNab
(1977) in a much older (17.5
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Figure]. Changein dbh distribution of a
natural 4-year-oldloblolly pinestandafter
a winter backing-fire.

years) loblolly pine standthat had
beenburned.

Even though burning substan-
tially reducedthe total numberof
stems,the standwas still dense.A
burn of somewhathigher intensity
might have killed more small
trees, producing a more satisfac-
tory thinning. However, extreme
caution is mandatory because
small increasesin fire intensity in
young standscould causelargein-
creasesin mortality.

Crown Damageand Mortality

Crown damage from backing
fires was heavyin all study plots.
Over5,500trees/ac(81 %) received
at least 40% crown scorch,while
over4,200trees/ac(62%) wereto-
tally scorched(Table 1). Even
though crown scorch was heavy,
the incidenceof needleconsump-
tion was low (Table 2). Only 26%
of all treesin sampleplots showed
evidenceof needleconsumption.

Needle consumptionwas most
common on trees with severe
crown scorch (Figure 2). Among

500

Table 2. Trees/acwith variousdegrees
of needleconsumptionafter a winter
backing-fire.
Percentage

needle
consumption

0
1-20

21—40
41—60
61—80
81—100

Total

Trees/ac

5016
283
273
336
417
451

6776

Percentage
of all trees

74.0
4.2
4.0
5.0
6.2
6.6

100.0

those trees with less than 80%
crown scorch, fewer than 15%
showed any evidenceof needle
consumption.However,theoccur-
renceof needleconsumptionin-
creasedsharply when crown
scorch was over 80%, being ob-
served on almost 40% of those
trees with 100% crown scorch.
Thesefindings aresimilar to those
of Wade (1985), who showed the
frequencyof needleconsumption
to be less than 10% amongtrees
with less than 100%crownscorch.

Severalstudieshaveshownmor-
tality of pole-sizedor larger pines
with severe crown scorch
(Methven 1971, Villarrubia and
Chambers1978,andWaldropand
Van Lear 1984). However,studies
by McNab (1977) andJohansen
and Wade (1987) indicate that
mortality of trees generally
smaller than 1 in. dbh may be
causedby stemor root damage.
When working with trees of sim-
ilar size to the crop trees of this
study, Wade (1985) found mor-
tality of over 50% among trees
with 20% needleconsumptionor
more. In the presentstudy mor-
tality waslow amongsampledcrop
trees with less than 80% crown

scorch (Figure 3). Above 80%
crown scorch,which is the same
level at which needleconsumption
becamefrequent (Figure 2), mor-
tality was very high. Over90% of
crop trees with 100% crown
scorch died. Mortality was over
45% when needle consumption
was only 20%, which is similar to
the findings of Wade(1985).

Somemortality occurredat low
levels of crown scorch (Figure 3),
indicating that crowndamagemay
not bethe only causeof mortality.
As suggestedby McNab (197’7)
andJohansenand Wade (1986),
some mortality was probably
causedby stem or root damage.
Thesedatasupportthe conclusion
of Wade (1985) that mortality can
be predicted by the degreeof
crown damage, but the actual
causeof mortality may be damage
to stems, roots, crowns, or any
combinationof the three.

Uniformity of Stocking
Before burning, the majority

(80.1%) of the study area was
overstocked (Table 3), where
overstockedis defined as 1600
stems/acor more. After burning,
the majority of the area (54.3%)
was stockedat levels of 400 to
1,200 stems/ac,which is acceptable
for many forestproducts.The re-
maining45.7%ofthe areawasstill
overstocked, with as many as
12,000stems/acand an averageof
2,850stems/ac.

Even though additional thin-
ning may be required in some
areasof the stand, a single pre-
scribed backing fire effectively
lowered stocking levels over the
entirestudyarea. In addition,un-
derstockedareas(fewer than 400

Table 1. rrees/acwith variousdegrees
of crownscorchaftera winter backing-
f ire.

Percentage Percentage
crown scorch Trees/ac of all trees

0 104 1.5
1—20 290 4.3

21—40 858 12.7
41—60 937 13.8
61—80 359 5.3
81—100 4228 62.4

Total 6776 100.0 s00RC~80 00 0 20 40 60 80 00CROWN SCORCH (%) CROWN AFFECTED (%)Figure 2. Frequencyof trees with any de- Figure 3. Mortality by percentcrowngree of needleconsumptionat various scorchor needleconsumptionaftera winterlevelsof crownscorch. backing-fire.
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Table 3. Percentageof the total study
area stockedat various levels before
andafterburning.

Stocking Betore After
level (stems/ac) burning burning

(%)
400—799 3.4 27.9
800—1199 10.0 17.1

1200—1599 6.5 9.3
1600+ 80.1 45.7

Total 100.0 100.0

stems/ac)wereessentiallyabsent.
The absenceof understocked
areas indicates that uniform
backingfires may be preferableto
other techniquesof prescribed
burning where hot spots and,
therefore,areasof high mortality
aremorefrequent.

TreeGrowth

When crown damage from
burning is severe,pine growth is
often reduced (McCulley 1950
andJohansenand Wade 1986).
Eventhoughcrownscorchwasse-
vere throughout the study plots,
damageto crop trees was rela-
tively light. Among croptrees,de-
greeof crownscorch rangedfrom
0 to 100%but the meanwas only
56%. Only 25% of sampledcrop
treeshad greaterthan 80% crown
scorch. Analysis of variance
showedno significant differences
in meandiametergrowth of crop
trees in burned and unburned
study plots (Table 4). Diameter
growth wassignificantly increased
by fertilization, but there was no
interaction betweenburning and
fertilization. In contrast, height
growth of crop treeswas signifi-
cantly reducedby burning. In
subplotsthat were not fertilized,
height growth averaged 2.7 ft
without burning as comparedto
only 1.8 ft in burnedplots.In fer-
tilized subplots, mean height

growth for unburnedcontrolsand
burnedplots was2.6 ft and 2.0 ft,
respectively. As with diameter
growth,height growth showedno
interaction betweenburning and
fertilization.

Since burning reduced height
growth but not diametergrowth,
it was assumedthat in highly
scorched trees, carbohydrates
storedin the roots and stemover
winter were used for needlepro-
duction and some diameter
growth ratherthan for earlystem
elongation. Therefore, height
growth may have beenminimal
during the first flush of buds,
causingtreesin burned plots to
lagbehind thosein unburnedcon-
trols.

To gain additional insight into
the effect on height growth of
burning, the numberof flushesof
the terminal shoot of each crop
treewascountedin all burnedand
control plots. In addition, the
length of each flush was mea-
sured. To examine impacts on
growth, the numberof flushes
and the length of flushes were
compared for crop trees in
burned and unburnedplots, for
eachof threecrownscorchcatego-
ries, by analysis of varianceand
linear contrast.

Prescribedburning had no sig-
nificant effect on the numberof
growth flushes,regardlessof de-
gree of crown scorch (Table 5).
Crop trees in control plots had a
meanof 3.4 flushesthe yearafter
burning, while those in burned
plots had 3.2 flushes.The length
of the first flush during the
growing seasonafter burning was
affected by degree of crown
scorch, however. When crown
scorch was light or moderate,the
length of the first flush averaged
15 in., which wassignificantly less
than the 17.3 in. for treesin un-

Table4. Diameter (dbh) and height growth onegrowing seasonafter a winter
backing-fire.

dbh growth Height growth
T (in.) (tt)reatment

Burned—no fertilizer 0.31a
1 1.8a

Unburned—no fertilizer 0.37a 2.7b
Burned—fertilized 0.47b 2.Oa
Unburned—fertilized 0.48b 2.6b

Means followed by the same letter within a column are not significantly different at the~% level.

burnedcontrol plots.Whencrown
scorch, and thereforedefoliation,
was heavy, the length of the first
flush was further reducedto less
than 12 in.

The secondandthird flushesof
treesin burnedplots weresignifi-
cantly shorter than those in un-
burned controls, but therewere
no significant differencesamong
trees with light, moderate,or
heavy crown scorch. Also, there
were no significant differencesin
flush length between lightly
scorchedandmoderatelyscorched
treesfor any of the four flushes
measured.Thesedatasuggestthat
prescribedburning in young lob-
lolly pine stands,regardlessof the
degreeof crown damage,will re-
ducethe growth of the first three
flushesof the terminal leaderand
heavycrown scorch will causean
additional growth loss during the
first flush.

The loss of height growth for
treeswith only light crownscorch,
as comparedto controls,was un-
expected.This growth losswasap-
parent in all flushes of trees in
burned plots and was statistically
significant in the first three
flushes. Since burning signifi-
cantly reducedthe length of the
secondand third flushesbut the
degreeof crown scorch (light vs.
moderatevs. heavy) had no ap-
parent effect, it might be theo-
rizedthat someform of physiolog-
ical damage,in addition to crown
scorch,wascausedby burning. Al-
though stem and root damage
werenot consideredin this study,
they may havecontributedto the
overall reduction in height
growth.

CONCLUSIONS

Prescribedburning effectively
thinned a young loblolly pine
stand at a cost much lessthan the
cost of most methodsof precom-
mercialthinning. Sincemorethan
2,800stems/acsurvived, however,
the winter backing-fire did not
achievethe goal of less than 1600
stems/ac.Even though a second
precommercialthinning may be
desirable,it may prove possibleto
postponethe next thinning until
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Table 5. Number and length of flushes of the terminal shoot in crop treeswith
various degreesof crown scorch during the first growing seasonafter a winter
backing-fire.

Degree of Number of Length of flushes
crown scorch n flushes 1 2 3 4

(in.)
Control

(no scorch) 381 3.4a
1 17.3a 9.4a 6.4a 5.6a

Light
(0—33% scorch) 76 3.2a 15.Ob 6.2b 5.Ob 4.Oa

Moderate
(34—67% scorch) 162 3.2a 14.9b 5.9b 5.Ob 4.2a

Heavy
(68—100% scorch) 24 3.2a 11.7c 4.7b 4.6b 4.5a

1 Means followed by the same letter within a column are not significantly different at the 5% level.

trees reachmerchantablesize. If
not, hand thinning may be con-
ductedsoonafterburningat a cost
thatshouldbe lower than it would
be if the stand had not been
burned.

With any fire, there is a risk of
severedamageor deathof crop
trees. In this study, damageto
crop trees was minimal and
growth lossoneyearafterburning
was relatively small. However, in
young standssmall changesin fire
intensitycanproducesubstantially
different results.For this method
to be successfulovera wide range
of standconditions, additional re-
searchis neededto developguide-
linesandburning prescriptions.El
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